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Abstract
Controlling emission of gaseous and aerosolized pollutants is a critical function of CO2 capture systems using
aqueous amine solvents. Absorption of species into aerosols suspended within flue gas, not mechanical entrainment,
has been identified as a dominant volatile discharge route.  This work investigated the effects of operating conditions
on aerosol growth in a combined, PZ-based, absorber/water wash column through simulation using thermodynamic,
kinetic, and transport models in Aspen Plus® in combination with an external aerosol model in MATLAB®. Aerosol 
transport equations included continuum-kinetic length-scale corrections. In the absorber, aerosols grow by continual 
uptake of CO2 and PZ.  Subsequently, H2O condenses to return to saturation.  Droplets grow faster in non-intercooled 
columns because the temperature bulge and leaner solvent increases available PZ in the bulk gas phase. Aerosols
grow fastest where the solvent is lean and hot, i.e., above the temperature bulge. Droplets grow faster in the water 
wash because of elevated PH2O relative to that in the absorber. PH2O is proportional to the amine concentration in the
wash loop.  The growth mechanism in the water wash can be exploited to remove aerosols by increasing residence
time or diluting the wash solution.  Increasing aerosol size increases removal efficiency while minimizing the
characteristic to particle collectors.
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of GHGT
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1. Introduction
1.1. Rationale for emission control
Aqueous alkanolamine absorption/stripping is the most cost-effective and technically mature retrofit
process for post-combustion carbon dioxide (CO2) capture from large power plants [1].  Thermal-swing
separation of CO2 from flue gas is accomplished by reactive absorption into a continuously recycled
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aqueous amine solvent followed by addition of heat to reverse the exothermic absorption step, thereby 
releasing CO2 as a purified, high pressure product.  Continued exposure of solvent to O2 (3 5 vol %) and 
pollutants (SOx, NOx, NH3, PM) in the treated gas as well as elevated temperature during stripping (100
150 °C) leads to poor performance by oxidation, thermal degradation, contamination, corrosion, and 
foaming.  Direct contact of solvent and flue gas provides a pathway for carry-over of amine and 
degradation products into the exhaust gas as either vapor or suspended liquid. 
Managing releases from a CO2 capture facility is important both economically and environmentally.  
Solvent must be continually replenished due to volatile amine loss and purging degradation products/heat-
stable salts during solvent reclamation.  Thitakamol and co-authors estimate these losses to be as much as 
15.65 kg waste/ton CO2 captured for a nominal 30 wt % monoethanolamine (MEA) process including 
fugitive emissions [2].  Making up amine is an important financial consideration which is often addressed 
by identifying robust solvents with low volatility.  More importantly, reactions with flue gas components 
and degradation derivatives from oxidative and thermal decomposition create numerous classes of 
compounds possessing a wide range of phase partitioning behavior and toxicity at variable rates of 
formation [3].  Many emittable components are stable to biodegradation [4] and some reaction products, 
specifically nitrosamines, are known carcinogens [5, 6].  Containing emissions and reducing their 
environmental impact is therefore a crucial piece of large-scale deployment of amine scrubbers for carbon 
capture. 
1.2. Pilot plant measurements of aerosol emissions  
Recent pilot-plant measurements have shown that normal water wash columns are ineffective at 
controlling volatile loss of amine and other pollutants due to the presence of aerosols [7 10].  In 2011, 
MHI presented pilot test results for both KS-1TM and MEA which showed that emissions were 
proportional to inlet SO3 concentration [7].  Amine levels out of the wash section were 0.4 23.2 ppmv 
and 0.8 67.5 ppmv for KS-1TM and MEA, respectively for 0 3 ppmv inlet SO3.  Aerosols were visually 
present at the direct-contact cooler (DCC) and wash outlets.  At the Maasvlakte pilot plant, TNO and 
SINTEF jointly tested a 30 wt % MEA CO2 capture unit with a downstream water wash complete with 
online gas and aerosol phase sampling [8, 9].  Excessive emissions were observed; aerosols, not physical 
entrainment, were responsible for the increase.  Lithium and rubidium carbonate (Li2CO3, Rb2CO3) 
tracers in the solvent and wash loops verified negligible entrainment.  A Brownian demister unit (BDU) 
was installed downstream of the wash section which reduced emissions to previously simulated levels, 
indicating the bulk of emissions were contained in the droplet phase.  Mean droplet diameters (dDrop) were 
measured using light extinction coefficients and ranged between 0.76
influenced the emission rate.  More recently, a baseline study using MEA at the National Carbon Capture 
Center (NCCC) in Wilsonville, Alabama saw higher amine emissions than expected [10].  The number of 
absorber beds (2 3), intercoolers (0 2), and inlet SO3 concentration (1.8 and 3.2 ppmv) were varied as 
part of a parametric test on emission rate.  Their work concluded that carry-over was proportional to inlet 
SO3 and also to the concentration of MEA in the wash water.  Emissions were inversely related to 
absorber temperature.  In all studies, aerosols increased emissions roughly 1 2 orders of magnitude. 
1.3. Particulate collection cost and inefficiency 
Measured particle sizes found in pilot plant results are not readily removed by most mist eliminators.  
Traditional entrainment knock-out devices including knitted-mesh pads, chevron vanes, and cyclones are 
 [11].  The droplets measured in pilot plant campaigns (0.1
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more rigorous collection equipment.  
falling between 0.1 and 1 ng momentum for 
The TNO and SINTEF campaign found that although their BDU reduced emissions by 67 92%, the 
pressure drop (50 mbar) across the unit was nearly equivalent to the combined absorber and water wash 
[8].  They estimated a 7% increase in capture energy including compression for sequestration.  Wet 
electrostatic precipitators or other electro-mobility devices were recommended as alternative collection 
devices at higher capital cost. 
It is clear from pilot plant observations and emission studies that removing aerosols is a key part of 
reducing possible releases from amine-based CO2 capture plants.  The failure of conventional wash 
columns and the potential financial impact of particle collectors necessitate fundamental research to 
identify more practical means of controlling emissions for large-scale processes.  Understanding 
interconnectivities of the bulk CO2 removal process operating conditions and aerosol dynamics can 
provide the necessary insight required to either design or operate a system with the intention of 
suppressing droplet growth; or, conversely, to condition aerosols for easier removal. 
1.4. Work overview 
In this work, heat and mass transfer to a single spherical droplet passing through an absorber and wash 
column was modeled using gas conditions from absorber/stripper simulations in Aspen Plus® in 
conjunction with an external aerosol transport model coded into MATLAB®.  Piperazine (PZ) was the 
amine system chosen for the entirety of this investigation.  Aerosol physical properties and 
thermodynamics were calculated using correlations developed and regressed in the Luminant Carbon 
Management Program.  Knudsen corrections to mass transfer and particle kinetics as well as surface 
curvature effects were included.  Droplet diameter and composition were calculated throughout the 
absorber/wash column assuming no particle phase influence on the bulk process heat and material 
balance.  Case studies in this work explore the effects of intercooling in the absorber as well as the 
potential benefits of designing a water wash column for aerosol removal. 
2. Aerosol modeling 
In this work, mass and heat transfer to a spherical droplet of liquid is integrated through gas-side 
conditions from Aspen Plus® simulations.  Gas-phase properties and compositions from steady-state 
absorber/water wash simulations are copied into MATLAB® and differential equations are integrated 
using thermodynamic and transport models for spheres moving through a fluid.  Material and energy 
balances between the aerosol phase and the bulk gas and liquid are de-coupled.  A Lagrangian reference 
frame is chosen for integration; each parcel of fluid is followed in time and space.  Relative velocity 
effects on drag and convective mass transfer are greatly simplified using this frame of reference.  
Transport equations are differential in time. 
Details of the Aspen Plus® models (Fawkes and Independence) used to simulate mass and heat 
transfer, equilibrium, and kinetics in the absorber and water wash column are covered extensively in other 
works; and for the sake of brevity, will not be repeated here [12].  Where applicable, supporting 
information from Aspen Plus® calculations used to compare models or illustrate concepts will be given. 
The purpose of the following section is to provide detail and supporting equations used to model the 
dynamics of an aerosol exposed to a variety of conditions leading to growth by condensation.  Modeling 
assumptions will be highlighted as they appear. 
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2.1. Thermodynamics 
Normal representations of thermodynamics assume negligible surface energy.  However, as the surface 
area-to-volume ratio increases, the energy contained in the surface layer, normally represented by surface 
tension, must be considered.  Assuming a perfectly spherical surface, the fugacity relationship can be 
derived in the usual manner.  The resulting corrective term for surface effects on vapor pressure is called 
the Kelvin effect [13] and is shown in Equation 1 below.  Conceptually, this deviation is caused by 
surface molecules being held less tightly by the surrounding fluid.  The Kelvin effect is significant for 
 
2O/CO2/PZ system was assumed to be the mole-weighted average 
of pure component surface tension using correlations from the DIPPR databank [14].  Mixture molar 
i) and was also calculated using 
equations from DIPPR.  The Boltzmann constant is represented by kB. 
 
 (1) 
 
Equilibrium partial pressure of CO2 (P*CO2) and PZ (P*PZ) are calculated using correlations developed 
in the Luminant Carbon Management Program and are displayed in Equations 2 and 3 [15].  PCO2 and PPZ 
2 per mole of alkalinity.  H2O partial 
pressure (P*H2O 2O vapor pressure is 
taken from DIPPR.  The Kelvin correction was appended to partial pressure relationships for all species.  
The apparent (non-speciated) mole fraction of PZ is represented by xPZApp. 
 
 (2) 
 (3) 
 
Figure 1 and Figure 2 compare equilibrium predictions of Aspen Plus® and Equations 2 and 3.  P*CO2 
and P*PZ match reasonably well across 0.2 0.45 loading and 40 100 °C.  It is important to note that 
solvent loading is chosen to create a driving force for CO2 transfer in the absorber.  PCO2 in coal-fired flue 
gas ranges between 1 and 10 kPa, assuming 90% capture.  A 50% driving force at the lean and rich end of 
absorption corresponds to 0.5 5 kPa CO2.  Areas of the capture process in equilibrium to CO2 will have 
higher loading than the absorber solvent. 
PZ volatility is a strong function of CO2 loading; speciation reduces free PZ.  P*PZ will be lowest in 
regions approaching CO2 equilibrium. 
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Figure 1: CO2 solubility in 8 m PZ for 40 100 °C.  Solid lines 
using Fawkes model.  Dashed lines using correlations.  
Figure 2: Normalized (8 m) PZ volatility for 40 100 °C.  Solid 
lines using Fawkes model.  Dashed lines using correlations 
2.2. Aerosol kinetics 
A force balance for a spherical body subject to external fluid flow includes contributions from gravity, 
buoyancy, and drag.  Drag force is a function of the difference in velocity between the fluid and particle, 
or the relative velocity (vRel), and is commonly expressed using Equation 4.  The drag coefficient (CD) is a 
function of the Reynolds number (Re); for small Reynolds numbers (< 1), viscous forces dominate, and 
Stokes flow can be assumed.  The Stokes flow drag coefficient is 24/ReG.  However, as the body diameter 
approaches the mean- -
physical; kinetic theory is better suited.  The transition between continuum and kinetic representations of 
transfer processes is represented using the ratio of the mean-free path of the transferring species to the 
radius of the particle, commonly called the Knudsen number (Kn), given in Equation 5 below.  The 
Cunningham slip corrective factor (CC), shown in Equation 6, approximates the transition from 
continuum to kinetic descriptions of drag.  Equation 7 gives the resulting acceleration of a droplet 
including all contributions and size corrective terms. 
Liquid density was calculated using the same subroutine found in the Fawkes model. 
 
 (4) 
 (5) 
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 (6) 
 (7) 
2.3. Mass and heat transfer 
H2O and PZ absorption as well as conductive heat transfer was assumed to be gas-film controlled.  
Thermal conductivity of the droplet is assumed to be infinitely large.  The mass transfer coefficient of 
CO2 (kg ) was approximated using the pseudo first-order assumption; reaction kinetics limit the transfer 
effects caused by boundary expansion are assumed negligible. 
Continuum description of heat and mass transfer to spherical bodies in quiescent media are described 
by the spherical diffusion equations first developed by Maxwell [16].  In the absence of convection, the 
analytical solution for both for the Sherwood (Sh) and Nusselt (Nu) numbers is 2.  Both heat and mass 
flux are first-order with respect to the gas phase thermal conductivity and diffusion coefficients, 
respectively.  Convective effects due to relative velocity are commonly calculated using the Frössling 
relationships, which are functions of the Reynolds, Schmidt (Sc), and Prandtl (Pr) numbers, shown below 
in Equations 8 and 9. 
 
 (8) 
 (9) 
 
), shown in Equation 10, adjusts the Frössling transport coefficients for 
length-scale effects using Kn [17].  As Kn approaches zero, the rate of condensation/evaporation is 
proportional to the diameter of the drop as given by the continuum equations;  is unity.  The 
condensation and evaporation rate is proportional to the square of the droplet diameter for Kn 
approaching infinity.  This result is consistent with transport across a rarefied medium, or kinetic theory.   
The mean-free path for a gas molecule is calculated using kinetic theory of gases.  The accommodation 
r each component. 
 
 (10) 
 
The resulting mass and heat differential equations are presented in Equations 11 13 below.  The mass 
transfer and heat transfer coefficients are represented by kg,i and hG, respectively.  The mixture molar heat 
capacity in Equation 13 was calculated assuming a mole-weighted average of pure H2O and PZ heat 
capacities given by the DIPPR database.  CO2 was assumed to have negligible contribution.  An excess 
enthalpy expression was regressed to fit data collected in the Luminant Carbon Management Program; 
abs of CO2 and PZ is given by 
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application of the Gibbs-Helmholtz relationship to Equations 2 and 3 vap of H2O was taken from the 
DIPPR databank. 
 
 (11) 
 (12) 
 (13) 
2.4. Model input and initial conditions 
The preceeding momentum, material, and heat transport differential equations represent the core of the 
aerosol model.  Gas-phase compositions and physical properties at each calculation node from 
absorber/water wash simulations in Aspen Plus® are required to calculate mass and heat transfer 
coefficients and drag force on the aerosol.  Packed height, column diameter, liquid holdup, and packing 
void fraction are used to arrive at the effective gas velocity; and in turn, is used in conjunction with the 
aerosol momentum balance to define the residence time. 
The initial conditions supplied to the simulation are the droplet size, composition, and temperature.  
H2O, CO2, and droplet temperature are assumed to be in equilibrium to the inlet gas.  The starting position 
is at the first section of packing at the bottom of the absorber and the initial velocity is calculated 
assuming Stokes flow with no slip correction. 
A set of 5 differential equations are solved using an explicit, stiff-system Runge-Kutta ODE solver 
algorithm (ODE23s) internal to MATLAB®.  Other explicit ODE solvers were investigated but were 
found to be computationally inefficient and provided little improvement in accuracy. 
3. Modeling case studies 
Two case studies are presented in this work.  Case 1 (Figure 3) is the Separations Research Program 
(SRP) pilot plant at the University of Texas at Austin.  The SRP plant was simulated using the 
Independence model and was compared with collected data [18].  The effect of intercooling was 
investigated by converging the simulation with an in-and-out intercooler at 40 °C located at the middle of 
the column, hereby designated PRC IC.  The intercooling loop was then turned off and the process was 
re-converged without changing any additional design specifications.  The steady-state solution for the 
non-intercooled absorber will be referred to as SRP NIC. 
Case 2 (Figure 4) is a nominal, non-intercooled absorber with a water wash section.  The water wash 
height was varied to achieve 1 ppmv PZ in the exiting vapor.  The wash solvent was kept at 45 °C and 0.5 
m PZ to maintain H2O balance.  The purge rate from the wash loop was set by the amount of PZ picked 
up per pass and was mixed with the lean solvent prior to entering the absorber.  The water wash column 
diameter was equal to the absorber. 
Column dimensions and any pertinent operating conditions or results not shown in Figure 3 Figure 4 
are supplied in Table 1. 
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Table 1: Column physical parameters and operating conditions used in aerosol simulations. 
 
4. Aerosol growth results 
Results from the aerosol growth model are best explained sequentially, starting from the absorber and 
water wash Aspen Plus® simulation results.  Each subsection will begin by detailing the relationships 
between the bulk gas and liquid for given operating conditions followed by analyzing the exchange 
between the bulk gas and aerosol.  Considering all three phase interactions is crucial to understanding 
exhibited behavior. 
Case(s) SRP (NIC / IC) Absorber/Water Wash 
Packing Type Mellapak 350X Mellapak 250X 
Void Fraction 0.910 0.987 
Abs. Packed Height Ztot (m) 2 x 3.05 10.38 
WW. Packed Height (m) N/A 2.08 
Column Diameter (m) 0.429 3.885 
Hold-up (% free vol.) 8.7 5 
CO2 Removal (%) 78.3 / 87.4 90 
Rich Ldg. (mol CO2/mol alk.) 0.332 / 0.343 0.368 
Aspen Plus® Model Independence [18] Fawkes [12] 
  
Figure 3: Case 1 - SRP pilot plant process flow diagram.  
Intercooler located at column center.  
Figure 4: Case 2 - Nominal, non-intercooled absorber with 
integrated water wash. 
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4.1. Case study 1 - the effect of intercooling 
Temperature profiles, gas PCO2, solvent loading, and gas PPZ and for the IC and NIC case are displayed 
in Figure 5 Figure 8.  Position in the column is represented by Z, starting from the bottom; Ztot is the full 
height of the column.  As expected, PPZ is lowest at low T and high loading.  Conversely, high T and low 
CO2 loading increase PZ volatility.  PPZ is highest at the temperature bulge, and is higher at the top of the 
absorber because the solvent is leaner.  Intercooling reduces PPZ by lowering T and increasing loading. 
 
  
Figure 5: Bulk liquid (solid) and gas (dashed) temperatures for 
SRP NIC and IC case.  Intercooling suppresses the temperature 
bulge. 
Figure 6: PCO2 for NIC and IC holding all other variables 
constant.  Intercooling improves CO2 removal. 
  
Figure 7: Solvent loading for NIC and IC.  Greater CO2 removal 
results in higher rich loading for IC. 
Figure 8: PPZ is reduced by intercooling and solvent loading.   
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Using the information given from Figure 5 Figure 8, the aerosol model can integrate the transfer 
equations presented in previous sections once an initial condition is specified.  To review, the initial 
droplet temperature is set equal to the inlet gas and the composition of the aerosol is set such that P*H2O 
and P*CO2 equal that of the gas.  Specifying P, T, and two compositions effectively with P*H2O and P*CO2, 
-7 mol/m2·Pa·s.  This value approximates 
high loading and possible diffusion limitations. 
Figure 9 shows the initial (1
columns.  For illustrative purposes, Figure 10 provides the diameter profile for an initial droplet diameter 
 
 
  
Figure 9: Final particle diameter following integration through 
NIC and IC absorber.  Exit diameters are larger for NIC than IC.  
Figure 10: Droplet growth for NIC is faster because more PZ is 
available in the gas. 
 
Aerosol growth is dependent on continual absorption of H2O, which can be accomplished in two ways: 
(1) decreasing the droplet temperature relative to the gas, or (2) accumulating other species, thereby 
lowering H2O activity. 
The temperature effect is usually dampened by conductive heat transfer.  The heat transfer coefficient 
for aerosols is quiet large.  Even for moderate rates of evaporation/condensation, the droplet temperature 
is nearly equivalent to the gas. 
P*H2O over the aerosol is suppressed as other components lower the mole fraction, or activity, of H2O.  
Absorption of CO2/PZ accomplishes this task.  Referring back to Figures 1 and 2, it was shown that PZ 
volatility is a strong function of CO2 loading.  In areas of high loading, or otherwise fast CO2 absorption, 
PZ volatility is minimized.  Since aerosols are assumed to transfer CO2 at appreciable rates, P*PZ over the 
droplet will be significantly reduced relative to the bulk gas, which is in equilibrium to the nominal 
solvent loading.  Solvent loadings are chosen such that P*CO2 above the liquid is always under-saturated 
relative to the gas; absorption of CO2 takes place over the length of the column.   
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Tying together all of the above discussion, the loading in the aerosol will always be higher than the 
bulk solvent because of the relative CO2 mass transfer rate-to-fluid volume ratio.  Consequently, P*PZ over 
the aerosol will be much smaller than that relative to the bulk liquid.  It follows then, that the aerosol will 
have a continuous driving force for PZ absorption given that (1) PCO2 in the gas remains high and (2) the 
ratio of CO2 and PZ mass transfer rates is always greater than the stoichiometric ratio (1:2 for PZ). 
Figure 9 shows relatively little difference in growth rate for small droplets.  Recall from the modeling 
equations 11 and 12 that the transfer rate of gas-film controlled components is first-order in diameter, 
while CO2 transfer is proportional to the area, or square of the diameter.  As particles shrink, the ratio of 
CO2 to PZ transfer decreases.  In order to maintain equilibrium to CO2, the driving force for transfer must 
increase.  Using the assumpt -7 mol/m2·Pa·s, the aerosol growth rate for small 
particles is controlled by CO2 transfer, not amine absorption. 
Aerosols grow faster in non-intercooled columns due to differences in solvent composition and 
temperature.  Non-intercooled columns have much larger absolute temperature differences and are less 
efficient at removing CO2.  The resulting rich loading is less for a non-intercooled absorber while holding 
all other variables constant.  PZ available in the gas phase is higher across the absorber caused by 
loading/temperature effects.  Aerosols passing through a non-intercooled column experience larger 
driving forces for PZ absorption and therefore H2O transfer. 
4.2. Case study 2 - aerosol growth in the water wash 
Again, it is useful to consider the bulk transfer process before looking at specific aerosol results.  The 
absorber section is similar to Case 1, NIC.  A higher L/G ratio moves the temperature bulge down the 
column towards the rich end (Figure 11).  Given that CO2 loading, temperature, and liquid PZ 
concentration do not change significantly in the water wash, those profiles will be excluded.   
The solvent lean and rich loading is greater than found in Case 1; therefore, PZ volatility will be 
reduced in comparison.  The PPZ profile, presented in Figure 12, shows that PZ is absorbed out of the gas 
phase in the water wash section.  PZ is absorbed in the wash solution because of the low liquid PZ 
concentration.  Also, CO2 is in equilibrium with the wash loop, therefore PZ volatility is further 
depressed. 
The gas in the water tower contains more H2O than in the absorber because the solvent is a dilute 
amine solution.  The droplet will pick up H2O in the wash column until saturation is reached.  Particles 
leaving the absorber are concentrated in PZ, usually around 8 m.  A large driving force for condensation 
is present.  Droplet growth rates are fastest in the water wash.  As PZ drops out of the gas and the aerosol 
saturates to H2O, growth slows significantly.  Figure 13 
system. 
 
  
 Steven M. Fulk and Gary T. Rochelle /  Energy Procedia  37 ( 2013 )  1706 – 1719 1717
 
Figure 13: Droplet growth is faster in the water wash. 
Mechanistically, aerosols grow in the water wash because the bulk gas H2O is higher than in the 
absorber section.  H2O in the gas is relative to the amine content of the contacted liquid; absorber solvent 
is typically 30 40 wt% amine, whereas water wash solvents contain 5 wt % or less amine.  Growth rate 
for an aerosol depends on the inlet droplet composition into the wash section.  High salt content (PZ/CO2 
species) increases the H2O driving force and subsequently the particle growth rate. 
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Figure 11: Liquid and gas temperature for case 2.  A higher L/G 
moves the T bulge down the column. 
Figure 12: PPZ for Case 2.  Higher CO2 loading suppresses PPZ.  
Water wash removes PZ. 
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Most water wash columns are designed to remove gas phase amine concentration down to some 
specified level, usually between 0.1 1 ppmv.  Roughly 2 3 m of packing is sufficient to meet this 
requirement.  Results for a 2 m wash tower in Figure 13 show that the aerosol is still growing at 
significant rates at the wash exit.  Increasing the packed height would provide additional residence time to 
further increase the exiting particle size. 
Case 1 and 2 illustrate that aerosols grow by two mechanisms in an absorber/wash column.  In the 
absorber, continual absorption of amine and CO2 from the bulk gas creates a driving force for H2O 
uptake.  PZ and CO2 in the gas are related to the bulk CO2 transfer process; PZ in the gas is a strong 
function of temperature and loading.  Aerosols grow in the water wash because the H2O content in the gas 
is increased due to the dilute contacting solvent.  Taller wash towers will provide additional residence 
time for particle growth, making collection easier.   
5. Conclusions 
Aerosol growth in amine-based CO2 capture absorbers was modeled in this work using a combination 
of Aspen Plus® and MATLAB® models.  Mass and heat transfer to small (1
through absorber and water wash gas profiles were integrated using continuum modeling equations with 
corrections for Knudsen effects. 
Aerosols grow when exposed to high CO2 and PZ content in the bulk gas.  Reduction of H2O activity 
in the droplet leads to condensation and subsequent particle growth. Droplets grow faster in non-
intercooled columns because the temperature bulge and leaner solvent increases available PZ in the gas 
phase to be absorbed by the aerosol. 
When exposed to dilute amine solvents, like those found in the water wash loop, H2O is absorbed until 
saturation is met.  Aerosol growth rate is inversely proportional to amine content in the wash water.  
Growth in the water section depends on the entering salt content (i.e., CO2/PZ species) of the aerosol.  
Some PZ may transfer out of the aerosol in the water wash, but the main growth mechanism is H2O 
transfer to dilute accrued CO2/PZ. 
Controlling aerosol growth rate by changing operating conditions in the absorber must be weighed 
against capital and operating expenses.  Collecting droplets by impaction or diffusion requires significant 
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